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I]  AS1TNACT 


The  present  report  deals  with  the  results  of  measurements  and  computations  of  ultraviolet  sky,  solar,  and  sun+sky 
(global)  intensity  for  15  wavelengths  between  A  =  297.5  and  380  nm  and  for  12  values  of  total  amount  of 
atmospheric  ozone  covering  the  interval  of  0.240  to  0.460  cm  in  increments  of  0  020  cm.  The  variation  of  ultra¬ 
violet  intensity  in  dependence  on  Northern  Latitude  and  season  and  the  influence  of  an  assumed  reduction  of 
atmospheric  ozone  is  examined  The  variation  of  the  short  wavelength  limit  of  the  terrestrial  solar  spectrum  is 
furthermore  discussed.  The  results  on  ultraviolet  intensity  for  selected  value;  cf  ozone  and  solar  altitude  are 
presented  in  tables.  Diagrams  demonstrate  the  variation  of  global  intensity  n  dependence  on  the  principal  para¬ 
meters. 


The  present  data  are  based  on  the  results  of  extensive  measurements  of  ultraviolet  sky  intensity  at  Davos, 
Switzerland  (1590  m  a.s.l ),  and  completed  by  a  theoretical  computation  of  direct  solar  intensity  for  elevations 
of  0  to  5  km  a.s.l.  The  values  of  sky  intensity  are  assumed  independent  on  elevation  and  constant  for  solar  alti- 
tuoes  from  65°  to  90°.  The  errors  thus  produced  in  the  results  on  sky  and  global  intensity  are  discussed.  These 
data  can  serve  as  a  provisional  basis  for  a  climatology  of  natural  ultraviolet  radiation  until  the  results  of  more 
comprehensive  measurements  and  theoretical  computations  will  be  available 
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SUMMARY 

A  better  knowledge  of  natural  ultraviolet  radiation  and  its  variation  and  geographical  distribution  is  needed  for 
the  solution  of  various  problems  of  .science  and  for  practical  applications.  A  climatoogy  of  global  radiation  for 
the  photobiologically  significant  wavelengths  X  =  3C/.5  and  350  nm  has  been  derived  by  Schulze  and  Grafe 
(25).  The  present  report  deals  with  the  results  of  meosurements  and  computations  of  ultraviolet  sky,  solar,  and 
global  intensity  for  1 5  wavelengths  between  X  =  297.5  and  380  nm  and  far  12  values  of  the  total  amount  of 
atmospheric  ozone  covering  an  interval  from  0.2^0  to  0.460  cm  incrcmen  s  of  0.020  cm. 

The  variation  of  ultraviolet  .ntensity  in  dependence  on  Northern  Latitude  and  season  and  the  influence  of  an 
assumed  leduction  of  atmospheric  ozone  is  examined  for  the  different  components.  The  variation  of  the  short 
wavelength  limit  of  the  terrestrial  solar  spectrum  is  furthermore  discussed.  The  results  are  given  in  tables  for 
selected  values  of  ozone  and  solar  altitude.  Diagrams  demonstrate  the  variation  of  intensity  in  dependence  on 
the  principal  parameters. 

The  present  data  are  based  on  a  detailed  evaluation  of  the  results  of  extensive  measurements  of  ultraviolet  sky 
intensity  at  Davos,  Switzerland  (1590  m  a.s.l ),  and  completed  by  a  theoretical  computation  of  direct  solar 
intensity  for  elevations  from  0  to  5  km  a.s.l.  The  values  of  sky  intensity  are  assumed  to  ue  independent  on 
elevation  and  constant  for  solar  altitudes  from  65°  to  90°.  The  errors  thus  produced  in  the  results  on  sky  and 
global  intensity  are  discussed. 

Proceeding  from  London's  ( 1 8) and  Sticksel’s  (19)  diagrams  of  the  hemispheric  distribution  of  total  ozone  and 
using  the  values  of  intensity  given  in  the  main  table  of  this  report  (or  better  the  complete  data  not  fully  inclu¬ 
ded  in  the  table)  maps  of  the  geographical  distribution  of  ultraviolet  intensity  can  be  prepared  for  the  wave¬ 
lengths,  solar  altitudes  *.nd  elevations  considered.  There  data  can  thus  serve  as  a  provisional  basis  for  a  climato¬ 
logy  of  natural  ultraviolet  radi-*ion  until  the  results  of  more  comprehensive  measurements  and  theoretical 
computations  will  be  availab’e. 
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Introduction 


The  importance  of  natural  ultraviolet  radiation  for  atmospheric  physics,  radiation  climatology  and  engineering 
is  widely  accepted  and  has  been  emphasized  in  previous  reports  (1-8).  Its  significance  for  ozone  research  may 
be  mentioned.  Most  commonly  known  are  the  therapeutic  effects  of  LIV,  such  as  production  of  vitamin  D  in 
the  skin  and  its  bactericide  action  as  well  as  the  photobiologica!  effects  of  erythema  and  the  stimulation  of 
skin  cancer.  Materials  can  be  affected  by  ultraviolet  radiation  as  well  as  the  growth  of  plants.  Less  known  is  the 
consequence  of  UV  for  the  orientation  and  vision  of  insects.  A  survey  on  the  influences  of  natural  ultraviolet 
radiation  on  man  and  other  living  organisms,  which  has  been  prepared  by  various  experts,  will  be  published  in 
a  forthcoming  report  (9). 

The  main  facts  about  ultraviolet  intensity  may  shortly  be  resumed  here.  The  incoming  ultraviolet  solar  intensity 
is  attenuated  in  the  atmosphere  by  molecular  and  aerosol  scattering  and  below  X  =  330  nm  through  absorption 
by  atmospheric  ozone  which  is  distributed  in  small  concentration  mainly  at  heights  between  15  and  35  km.  The 
values  of  the  ozone  absorption  coefficient  increase  sharply  towards  shorter  wavelengths,  and  below  about 
300  nm  ozone  absorption  is  the  dominant  factor  determining  UV  intensity  at  the  earth's  surface. 

The  ozone  content  of  the  atmosphere  varies  with  latitude  and  season  and  affects  the  spectral  distribution  of 
natural  ultraviolet  radiation  and  its  dependence  on  solar  altitude.  The  UV-spectrum  below  X  =  330  nm  is  thus 
no  constant  but  changes  widely  with  solar  altitude  and  with  the  actual  amount  of  ozone.  The  Intensity  falls  off 
steeply  below  330  nm  towards  shorter  wavelengths.  The  short  wavelength  limit  of  detectable  intensity  depends 
on  solar  altitude  and  the  amount  of  ozone.  The  minimum  short  wavelength  limit  ever  attained  on  the  surface  of 
the  earth  is  Xm  =  286.3  nm  and  was  observed  in  ’930  by  Gotz  (10, 11). 

Photobiological  and  other  photochemical  effects  of  ultraviolet  radiation  show  &  pronounced  wavelength  de¬ 
pendence  represented  by  their  action  curves.  Many  photobiological  effects  take  place  in  the  critical  region 
below  X  =  330  nm,  where  the  shape  of  the  spectrum  varies  greatly  with  solar  altitude  and  ozone.  It  is  evident 
that  the  spectral  distribution  and  its  changes  must  be  known  to  compute  the  dose-rate  for  each  process.  Clima¬ 
tological  measurements  and  computations  of  natural  ultraviolet  intensity  intended  to  meet  the  needs  of  scien¬ 
tists  working  in  different  fields  should  thus  provide  spectral  data  rather  than  mean  or  weighed  values  of  inten¬ 
sity  for  larger  wavelength  intervals. 

Only  too  few  measurement ;  of  ultraviolet  solar  and  sky  radiation  by  means  of  spectral  equipment  have  been 
carried  out  except  in  ozone  research,  which  has  its  own  special  problems.  At  present  no  sufficient  and  compre¬ 
hensive  information  exists  on  the  spectral  intensity  of  the  different  components  of  ultraviolet  radiation  and 
their  variation  in  dependence  on  the  relevant  parameters.  Such  data  are  urgently  needed. 

Extensive  records  of  the  spectral  intensity  of  natural  ultraviolet  radiation  have  been  made  by  the  author  at 
Davos  (1580  m  a.s.l.),  near  Basle  (316  m  a.s.l.),  and  on  Weissfluhgipfei  (2818  m  a.s.l.),  Switzerland  (1-  5,7).  The 
approximate  values  of  intensity  contained  in  the  present  report  are  based  on  a  further  evaluation  of  the  results  of 
part  of  these  measurements  and  completed  by  a  theoretical  computation  of  direct  ultraviolet  solar  intensity. 
These  data  may  serve  as  a  provisional  basis  tor  a  tentative  climatology  of  ultraviolet  radiation  until  the  results 
of  more  comprehensive  measurements  ana  theorei  ai  computations  will  be  available. 
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1.  The  method  of  measurement  and  the  computation  of  the  results 

The  spectrophotometer  for  measuring  the  intensity  of  ultraviolet  radiation  from  the  whole  sky  and  from 
sun+sky  on  a  horizontal  surface  has  been  described  in  former  reports  (1,  2).  The  main  tea: ores  may  ue  resumed 
here. 

The  radiation  is  received  by  an  integrating  diffuser  sphere  according  to  Larche  and  Schulze  (12)  installed  on  the 
roof  of  the  Davos  Observatory.  By  means  of  plane  mirrors  and  of  a  spherical  mirror  an  image  of  the  exit  opening 
of  the  integrating  sphere  is  produced  on  the  entrance  slit  of  a  double  monochromatoi  Kipp  and  Zonen  model  L  35. 
The  spectral  intensity  is  measured  by  means  of  a  photomultiplier  mounted  directly  behind  the  exit  slit  and 
recorded  oy  a  Speedomax  recorder.  The  overall  sensitivity  of  the  apparatus  is  determined  by  illuminating  the 
d;ffuser  sphere  by  means  of  a  tungsten  ribbon  lamp,  which  in  turn  was  calibrated  at  the  Happel  Radiation 
Laboratory  of  the  Landessternwarte  Heidelberg-Konigstuhl,  Germany  ..The  calibration  included  the  flux  per 
steradian  and  nm  emitted  by  the  whole  ribbon.  The  spectral  bandwidth  applied  for  routine  measurements  incre¬ 
ased  from  0.92  nm  at  295  nm  to  2.0  nm  at  370  nm. 

The  measured  vahes  of  sky  and  global  intensity  have  been  examined  in  dependence  on  wavelength  X,  solar 
altitude  hQ,  total  amount  of  atmospheric  ozone  X  (cm  at  STP)  and  albedo.  The  results  for  practically  cloudless 
sky  at  Davos  can  be  represented  by  means  of  an  empirical  relation  (1,4): 

log  H(X,h0,X)  =  log  H(X,h0,XQ)  -  T(X,h0)  (X-XQ)  (1) 

where  H(X,h0,X0)  i elates  to  a  reference  value  X0  =  0.3375  cm  of  ozone  and  T (X,hQ)  is  coefficient.  A  similar 
relation  has  been  derived  for  global  intensity  G(X,h0,X).  Values  for  the  quantities  H(X,h0,XQ)  and  T(X,h0) 
are  given  in  former  reports  (1,4)  for  various  wavelengths  and  solar  altitudes. 

Proceeding  from  these  results  and  considering  the  seasonal  change  of  ozone  the  diurnal  and  annual  variation 
of  the  spectral  intensity  of  ultraviolet  sky  and  global  radiation  was  derived  for  practically  cloudless  days  at 
Davos  (4, 13).  In  addition  the  influence  of  clouds  on  ultraviolet  sky  radiation  was  examined  (5). 

The  wavelengths  most  effective  for  the  photobioloyical  processes  of  erythema  and  direct  p'grnentation  are 
X  -  307.5  and  350  nm  respectively  These  wavelengths  have  been  determined  by  weighing  the  spectral 
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distribution  of  global  radiation  with  the  spectral  effectiveness  of  the  processes  in  Question.  Considering  the 
values  of  global  intensity  obtained  at  Devos  (4)  and  the  results  of  their  own.  measurements,  Schulze  and  Grafe  (25) 
derived  climatological  data  on  global  intensity  for  these  special  wavelengths.  By  means  of  diagrams,  maps,  and 
tables  the  authors  demonstrate  the  diurnal  variation  and  monthly  sums  of  intensity  for  different  latitudes  and 
seasons.  These  data  are  widely  used  in  photobiology  and  dermatology  and  represent  the  only  world  climatology 
of  ultraviolet  radiation  available  at  present  It  is  however  desirable  to  extend  these  results  to  a  larger  number 
of  wavelengths  and  to  sky  and  solar  intensity.  The  computations  and  results  discussed  in  the  following  sections 
are  a  step  in  this  direction. 

All  measurements  by  means  of  the  spectrophotometer  described  above  were  carried  out  at  Davos  Observatory, 
and  the  results  are  thus  primarily  restricted  to  Davos  (1590  m  a.s.l.)  or  to  places  with  similar  climatic  conditions 
and  altitude.  Standard  values  of  ultraviolet  intensity  should  however  be  available  for  different  altitudes  and  for 
any  climate  or  geographical  situation.  The  approximate  values  ol  intensity  presented  in  this  report  have  been 
derived  tc  meet  provisionally  this  demand.  The  method  of  computation  and  the  approximations  applied  will 
be  discussed  separately  for  the  different  components. 

1 .1  Ultraviolet  sky  radiation 

The  spectral  intensity  H(X,hQ,X)  of  ultraviolet  sky  radiation  received  from  the  whole  and  practically  cloudless 
sky  at  Davos  (1590  m  a.s.l.)  has  been  computed  for  ozone  amounts  varying  in  increments  of  A  X  =  0.020  cm 
from  X  =  0.2*'0  to  0.460  cm  and  for  different  wavelengths  and  solar  altitudes.  Relation  (1)  and  tne  values  1 

for  the  quantities  H(X,h„,XJ  and  T(X,h  J  given  in  (4)  were  used  for  the  calculation.  £ 

o  o  o  J 

•a 

1.1.1  Approximation  applied  for  solar  altitudes  hQ  >  65° 

The  maximum  solar  altitude  attained  at  Davos  is  hQ  =  66.6°.  The  values  for  H(X,h0,X0)  and  T(X,h0)  ecu  Id  be  ? 

determined  up  to  solar  altitudes  of  65°  and  50°  respectively.  No  attempt  has  been  made  to  extrapolate  these 
values  to  higher  solar  altitudes.  As  an  approximation  the  values  of  H(X,h0,X0)  and  T(X,h^)  for  hQ  =  65°  and  50°  ) 

respectively  have  been  app  .  •  iO  compute  the  sky  intensity  for  solar  altitudes  exceeding  hQ  =  65°, 

The  values  of  intensity  obtained  by  this  procedure  are  too  small.  Mostly  affected  are  the  results  for  the  highest 

solar  altitudes  and  the  shortest  wavelengths,  where  the  intensity  still  increases  considerably  from  hQ  =  65° 

to  90°.  The  effect  of  the  approximation  can  be  estimated  from  the  trend  of  the  measured  values  of  H(X,h0,Xo) 

and  from  theoretical  figures.  For  hQ  =  90°  and  X  =  297.5  nm,  302.5  nm  and  305.0  nm  the  errors  amount  to  '' 

about  50  %  30  %,  and  22  %  respectively.  A  further  evaluation  of  the  errors  caused  by  the  approximation  will 

be  given  in  the  discussion  of  the  results. 

1.1.2  Approximation  tor  different  elevations  a.s.l.  > 

There  do  not  exist  any  spectral  data  lor  ultraviolet  sky  intensity  based  on  detailed  and  extensive  measurements,  ’ 

which  would  allow  to  extrapolate  our  values  H(X,b0,X)  for  Davos  to  different  elevations  a.s.l.  Theoretical  results 
indicate  however  that  the  variation  of  sky  intensity  from  0  to  3  km  height  are  moderate.  Fu'  ermore,  our  own 
measurements  (7)  in  316,  1580  and  2818  m  a.s.l.  have  shown  that  ultraviolet  ze.uth  radianc,  joes  not  change 
largely  between  the«>  levels.  The  influence  of  height  on  sky  intensity  will  therefore  be  neglected  and  only  the 
results  for  Davos  (1590  m  a.s.l.)  will  be  considered  for  the  present  computations  as  far  as  sky  radiation  is  con¬ 
cerned.  The  errors  involved  in  this  approximation  will  now  be  estimated  in  some  more  detail. 

Theoretical  values  H"(Z,h0,X)  of  the  relative  spectral  intensity  of  sky  radiation  from  the  whole  sky  referred  to 
100%  for  Z  =  0  km  are  given  in  Table  1  These  figures  have  been  derived  from  Dave's  and  Furukawa's  (14) 
results  on  sky  intensity  for  a  Rayleigh  atmosphere  in  presence  of  a  standard  vertical  distribution  of  atmospheric 
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ozone  corresponding  to  X  -  0.341  cm.  Fig.  1  shows  the  theoretical  variation  of  sky  intensity  in  dependence  on 
height  for  selected  wavelengths  and  solar  altitudes.  For  lower  solar  altitudes  and  shorter  wavelengths  the  relative 
intensity  increases  with  increasing  height  and  a  maximum  is  reached  at  a  certain  height  For  increasing  solar 
attitude  and  wavelength  the  maximum  shifts  to  lower  heights.  For  longer  wavelengths  and  higher  solar  altitudes 
there  is  a  monotonous  decrease  of  intensity  extending  from  Z  =  0  km  to  greater  heights 

The  percentage  values  0  in  Table  1  indicate  to  what  degree  the  sky  intensity  at  a  level  Z  deviates  from  the 
intensity  at  the  level  Z  =  1 .59  km  of  Davos.  These  deviations  amount  to  between  -20  %  and  +17  %  for  X  =  297.5  nm 
and  decrease  to  between  —10  %  and  +6  %  for  X  =  360  nm,  if  elevations  0  <  Z  <  3  km  are  considered.  Relatively 
small  deviations  exist  also  for  Z  =  4  and  5  km  for  certain  intervals  of  wavelength  and  solar  altitudes,  as  can  be 
seen  from  tbs  table.  The  values  of  D  represent  an  estimate  of  the  errors  produced,  if  the  influence  of  height  on 
sky  intensity  is  neglected.  The  figures  in  Table  1  relate  to  a  given  vertical  ozone  distribution  with  X  =  0.341  cm 
and  can  thus  not  generally  be  applied  to  extrapolate  the  measured  values  of  sky  intensity  to  different  heights. 
Howevsi ,  theoretical  figures  for  various  other  vertical  distributions  and  otal  amounts  of  ozone  which  would 
allow  an  extrapolation  of  this  kind  are  not  yet  published.. 

The  results  of  our  measurements  of  z  e  n  i  t  h  radiance  at  Biel  (316  m  a.s.l.),  Davos  (1580  m  a.s.l.)  and  Weissfluh- 
gipfel  (2818  m  a.s.l.)  will  shortly  be  considered  The  measured  variation  of  z  e  n  i  t  h  radiance  in  dependence  on 
height  is  moderate  but  larger  than  theoretically  expected.  The  relative  deviation  V  =  Hz(L)/M  -  1  has  beyond 
others  been  examined,  where  Hz  (L)  stands  for  the  values  of  zenith  radiance  at  one  of  the  locations  and  where 
M  represents  the  mean  radiance  averaged  over  the  results  for  all  three  locations.  The  measured  values  of  V  vary 
between  -10%  and  +14  %  for  330  <  X  <  380  nm  and  on  an  average  over  solar  altitudes  from  5°  to  65°.,  The 
maximum  deviations  V  amount  to  -24  %  and  +30  %.  The  measured  and  theoretical  variations  of  z  e  n  i  t  h  radi¬ 
ance  with  elevation  a.s.l.  are  discussed  more  closely  in  a  former  report  (7).; 

The  results  discussed  above  may  justify  an  approximation  in  which  the  values  of  sky  intensity  measured  at 
Davos  are  applied  for  computing  global  intensity  fo  Z  =  0  to  3  km..  Tentatively  the  computations  have  been 
extended  up  to  Z  =  5  km. 
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Table  1.  Dependence  of  ultraviolet  sky  radiation  on  delation  as.1.  Relative  theoretical  values. 

Z  Elevation  ajs.l.  in  Km 
hQ  Solar  altitude 

H"  Intensity  of  ultraviolet  sky  radiation  from  the  whole  sky  on  a  horizontal  surface,  normalized 
to  100.0  %  for  Z  -  0  Km 

D  Deviation  of  H"(Z)  from  the  corresponding  value  for  Z  =  1.59  Km  (Davos)  expressed  in  %. 

The  values  H"  are  graphically  interpolated  from  Dave's  and  Furukswa's  theoretical  results  (14) 
for  a  Rayleigh  atmosphere  with  a  standard  ozone  distribution  corresponding  to  X  =  0  341  cm. 
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Table  1.,  Continued 
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1.1.3  Accuracy  of  tilt  whiM  for  and  T(XJi0). 

The  method  for  determining  the  values  of  H(Ah0.XQ)  and  T(\hQ)  has  been  deserted  in  reports  (1)  and  {4) 
where  the  s-'atter  and  She  accuracy  is  discussed  in  some  detail.  The  main  points  may  shortly  be  resumed.  The 
measured  salues  of  sky  intensity  were  interpolated  for  round  values  of  solar  altitude  and  plotted  in  logarithmic 
scale  in  dependence  on  the  mean  ozone  amount  a  for  the  days  in  question.  The  coefficients  T (X,hQj  are  the 
gradients  of  the  straight  lines  which  have  been  used  to  approximate  the  mean  trend  of  the  scattering  points  in 
the  different  plots.  By  means  of  these  gradients  each  measured  value  of  sky  intensity  was  normalized  to  a  refe- 
rekxe  amount  XQ  =  0.3375  cm  of  ozone.  The  values  H(X,h0,XQ)  are  the  means  of  the  normalized  intensities 
obtained  by  this  procedure. 

The  scatter  of  the  points  around  the  approximating  straight  lines  in  the  different  plots  amounts  to  between 
±  10%  and  ±  38%,  the  mean  being  ±  18%,  if  one  case  relating  to  hQ  =  0°  is  excepted.  A  large  part  of  this  scatter 
reflects  real  fluctuations  of  sky  intensity  from  day  to  day  when  measurements  have  been  taken  A  scatter  of 
this  magnitude  is  involved  in  the  values  of  H(X,h0,X0).. 

For  the  majority  of  the  wavelengths  and  solar  attitudes  considered  the  points  in  the  plots  of  sky  intensity  ver¬ 
sus  ozone  amount  X  show  a  distinct  trend  and  the  gradients  TfX,;>0)  of  the  approximating  lines  could  be 
determined  with  an  accuracy  of  about  ±  10%  to  ±  20%.  In  these  cases  the  values  of  T(X,hQ)  show  an  even 
trend  with  relatively  small  scattering  if  plotted  versus  the  corresponding  values  of  the  absorption  coefficient 
k  (X)  of  ozone.  For  some  solar  altitudes  the  results  on  T(X.hQ)  deviate  irregularly  from  this  trend.  For  these 
cases  the  coefficients  had  to  be  interpolated  from  the  mean  curves  representing  T(X,hQ)  as  a  function  of  k  (X).. 

A  percentage  error  r(H)  *  -2.3  (X-XD)  T(X,h0l  r(T)  is  produced  by  an  error  r(T)%  in  the  coefficients  T(X,hQ), 
if  the  sky  intensity  H(X,h0,X)  is  computed  according  ta  relation  (1).  The  coefficients  T(X,hQ)  attain  values  up  to 
8.9  cm  at  short  wavelengths  and  decrease  to  zero  for  X  >  330  nm.  The  high  values  of  T(X,hQ)  for  short  wave¬ 
lengths  can  be  determined  more  accurately  than  the  smaller  values  for  longer  wavelengths.  The  probable  errors 
in  the  results  on  T(X,hQ)  can  be  evaluated  from  the  plots  in  Fig.  9  of  report  (1).  However,  no  detailed  error 
analysis  on  a  statistical  basis  was  made  for  the  final  values  of  the  coefficients  T(X,hQ),  which  were  all  deter¬ 
mined  from  the  mean  curves  representing  the  smoothed  trend  of  T(X.ha)  in  dependence  on  the  absorption 
coefficient  k(X)  of  ozone. 

According  to  a  rough  estimate  we  may  put  T <X,hQ)  r(T)  ~  100  cm1  for  all  solar  altitudes  and  wavelengths 
considered.  Setting  furthermore  X-XQ  =  0.100  cm  we  obtain  an  error  of  r(H)  =  ±  23%  for  the  values  of  sky 
intensity  computed  for  maximum  or  minimum  ozone  amount. 


1.2  Ultraviolet  solar  intensity 

The  spectral  intensity  of  direct  solar  radiation  is  computed  according  to  formula 


SO,ho.X,Z)  =  So(X)10 


-[  0.4343  (tq  +  ta)m  +  k  y  X  ] 


(2) 


where 

SQ  (X)  Extraterrestrial  solar  intensity  in  Went-2  nm-  1 

tp  (X,Z)  Optical  th  .ness  fot  Rayleigh  scattering 

t  (X,Z)  Optical  imckness  for  aerosol  scattering 

m(h0)  Air  mass  according  to  Bemporad 
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k(A)  Absorption  coefficient  for  ozone  absorption  at  — 44°C 

y(hQ)  Slant  path  through  ozone  layer 

X  Total  amount  of  atmospheric  ozone  in  cm  at  STP 

Z  Elevation  a.s.1.  in  km 

Values  proposed  by  the  Standard's  Subcommittee  of  the  Solar  Radiation  Committee  of  the  Journal  of  Envi¬ 
ronmental  Sciences  published  by  Thekaekara  (15)  have  been  applied  for  the  extraterrestrial  solar  intensity 
SQ  (A).  These  values  represent  the  mean  intensity  averaged  over  a  bandwidth  of  5  nm.  Where  necessary  the 
intensity  has  been  interpolated  for  the  wavelengths  considered. 

Standard  values  for  the  optical  thickness  tR  and  tg  are  given  in  Elterman's  atmospheric  attenuation  model 
1968  (16)  for  various  wavelengths  and  elevations  a.s.1.  in  increments  of  1  km.  Values  derived  from  Elterman's 
data  and  interpolated  for  the  wavelengths  in  question  have  been  used  for  the  computation.  Mean  values  for  the 
ozone  absorption  coefficient  k  for  — 44°C  according  to  Vigroux  (17)  averaged  over  a  bandwidth  of  2.0  nm  have 
been  applied.. 

The  factor  0.4343  is  introduced  because  Elterman's  values  for  tR  and  tg  relate  to  the  basis  e,  whereas  k  repre¬ 
sents  the  decade  ozone  absorption  coefficient  derived  from  Vigroux 's  data. 

Atmospheric  ozone  is  mainly  concentrated  at  heights  above  10  km  and  its  influence  on  direct  solar  intensity 
can  be  described  by  the  total  amount  X.  On  the  other  hand,  the  values  tR  and  tg  of  optical  thickness  decrease 
considerably  from  0  to  5  km  and  determine  the  variation  of  direct  solar  intensity  in  dependence  on  elevation. 
Apart  from  direct  solar  intensity  the  vertical  component 

Sn  (Aji0,X,Z  )  =  S(A,h0,X,Z)  sin  hQ  (3) 

has  been  computed. 

1.3  Ultraviolet  global  intensity 

Adding  the  diffuse  component  H  to  the  vertical  component  Sn  the  intensity  of  sun+sky  radiation  or  global 
radiation  on  a  horizontal  surface  is  obtained: 


G(A,h0,X,Z)  =  H(X,h0,X)  +  SniX,h0,X,Z)  (4) 

The  values  for  global  intensity  are  thus  based  on  the  measured  values  for  H(A,h0,X0)  and  T(X,h0),  as  well  as 
on  the  theoretically  computed  vertical  comoonent  Sr  of  direct  solar  radiation.  Only  the  latter  component 
varies  with  elevation  Z,  wnereas  according  to  the  approximation  discussed  in  section  1.1.2  the  variation  of  sky 
intensity  in  deoendence  on  elevat-on  is  neglected.  An  estimate  of  the  percentage  error  D  thus  produced  in 
H(X,h0,X)  is  given  in  Table  1. 

The  corresponding  error  caused  in  the  results  on  global  intensity  amounts  to  D/(  1  +  Sn/H)  The  ratio  Sn/H 
is  small  for  short  wavelengths,  low  solar  altitudes  and  low  elevation  a.s.1  The  whole  amount  or  a  large  fraction 
of  the  error  D  is  transmitted  to  the  values  of  global  intensity  in  this  cast  On  the  other  hand,  for  solar  altitudes 
hQ  >  60°  the  error  remains  ~  0  56  D  for  a!!,  wavelengths,  solar  altitudes  and  ozone  amounts  considered 
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A  similar  consideration  applies  to  the  errors  caused  by  the  approximation  which  has  oeen  discussed  in  section 
1. 1.1.. Tfce  values  of  sky  intensity  for  hQ  >  £5°  are  too  low.  The  corresponding  errors  produced  in  the  results 
on  global  intensity  amount  to  about  17%,  10%,  and  9%  for  hQ  =  90°  and  X  =  297.5, 302.5,  and  305.0  ran 
respectively.  These  are  estimates  for  Z  =  0  km  and  X  =  0.340  cm.  The  errors  decrease  towards  longer  wavelengths. 

1.4  Further  remarks 

The  values  of  ultraviolet  intensity  presented  in  the  tables  and  diagrams  of  this  report  are  based  on  available 
data  and  on  simple  computations.  A  more  rigorous  treatment  would  need  additional  calculations  of  ultraviolet 
sky  intensity  for  various  distributions  and  amounts  of  atmospheric  ozone  and  for  different  conditions  of 
turbidity.  The  mathematical  methods  and  computing  programs  for  this  purpose  are  more  involved  but  available 
in  principle.  Such  computations  would  allow  to  interpolate  and  ext  apolate  the  results  of  more  extensive  mea¬ 
surements  planned  for  the  future  and  help  to  derive  an  improved  climatclogy  of  natural  ultraviolet  radiation. 


2.  Discussion  of  the  results 

2.1.  Dependence  ot  the  intensity  on  the  different  parameters 

Part  of  the  results  of  the  computations  are  presented  in  Table  A  which  contains  the  values  of  intensity  for  the 
different  components  and  for  selected  values  of  the  principal  parameters.  These  results  and  Figs.  2  -  5  and 
7a  -  d  are  based  on  the  values  of  H|X,h0,Xol  obtained  at  Davos  in  "summer  conditions",  with  practically  no 
snow  on  the  ground  of  the  wider  surroundings  of  the  place  of  observation.  The  cc  -nplete  set  of  die  computed 
data  includes  also  the  results  for  "winter  conditions",  when  all  land  around  was  covered  with  snow'.  The 
computations  have  furthermore  been  extended  to  additional  solar  altitudes  and  ozone  amounts  varying  in 
increments  of  ^  X  =  0.020  cm. 

As  a  consequence  of  the  increased  gtound  reflexion  the  values  of  H(X,h0,X0)  derived  from  the  measurements  in 
"winter  conditions"  are  considerably  higher  than  those  for  "summer  conditions".  The  increase  in  H(A,h0,X0) 
amounts  to  about  30  %  on  an  average  over  the  wavelength  region  330  nm  <  X  <  380  nm  ar.d  to  about  50  %  for 
297.5  nm  <  X  <  330  nm.  It  is  to  say  that  the  resu  Its  for  the  two  periods  are  based  on  different  sets  of  data  and 
influenced  by  the  variation  of  parameters  other  than  albedo.  The  values  for  H(X,h0,X0)  are  reduced  to  a 
normalized  amount  X  =  XQ  of  ozone  ar.d  affected  by  the  limbed  accuracy  of  that  procedure.  The  results  for 
X  >  330  nm  may  therefore  allow  a  better  estimate  of  the  albedo  effect  them  the  values  for  shorter  wavelengths. 
The  influence  of  ground  reflexion  on  sky  intensity  is  discussed  more  closely  in  report  (1),  where  measured  and 
theoretical  results  are  compared 

No  values  of  the  coefficient  T(X.hQ>  in  relation  (1)  could  be  determined  for  the  shortest  wavelengths  and  lower 
solar  altitudes.  This  applies  for  example  to  the  coefficients  for  X  =  297.5  and  hQ  <  30°.  There  exist  no  results 
for  H(A,h0,X)  and  G(X,h0,X,Z)  for  these  cases  which  are  marked  "0"  in  Table  A.  The  same  is  true  for  the 
components S(X,h0,X,Z)  and  Sn(A,h0,X  Z)  which  could  however  have  been  computed  for  any, solar  alt-tude 
and  wavelength 

The  data  on  ultraviolet  sky  and  global  intensify  in  Table  A  are  influenced  more  or  less  by  the  approximations 
involved  in  the  values  for  sky  intensity  This  concerns  the  results  for  hQ  =  90°  (see  section  11.1)  and  the 
results  for  elevations  differing  considerably  from  the  elevation  Z  =  1  59  km  a.s  I  of  Davos  (see  section  1.1.2) 
The  effect  of  these  approximations  on  the  values  of  global  intensity  is  discussed  in  section  1  2  On  the  other 
hand,  computed  results  on  direct  solar  intensity  ,S  (A,h0,X,Z)  and  its  vertical  component  Sri(X,h0,X,Z)  are  not 
influenced  by  any  approximation  of  similar  s  gmficance 
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Table  2.  Intensity  (Wan-1  nm~! )  of  the  different  components  H,  S,  Sn,  and  G  of  natural  ultraviolet 

radiation  fcr  Z  =  0  km  a.s.l.  and  for  selected  wavelengths  (ran),  solar  altitudes  hQ.  and  amounts 
X(cm)  of  ozone.  Survey  on  the  results  contained  in  Table  A.  1.72  —  7  stands  for  1.72.10'7. 


X 

ho 

X: 

297.5 

302.5 

330.0 

0.240 

5° 

H: 

2.19-  9 

2.03-  6 

60° 

ft 

1.72-7 

1.12-  6 

2.25-  5 

0.340 

5° 

ft 

5.41-10 

1.90-  6 

60° 

ft 

4.25-8 

5.38-  7 

2.21-  5 

0.440 

5° 

tf 

1.34-10 

1.77-  6 

60° 

ft 

1.05-8 

2.59-  7 

2.17-  5 

0.240 

5° 

S: 

6.58-18 

3.12-10 

60° 

tt 

2.01-7 

1.42-  6 

2.56-  5 

0.340 

5° 

tr 

2.63-20 

2.82-10 

60° 

tt 

4.35-8 

6.62-  7 

2.53-  5 

0.440 

5° 

■■ 

1.05-22 

2.55-10 

60° 

tt 

9.41-9 

3.08-  7 

2.49-  5 

0.240 

5° 

Sn: 

5.74-19 

2.72-11 

60° 

»» 

1.74-7 

1.23-  6 

2.22-  5 

0.340 

5° 

" 

2.29-21 

2.46-11 

60° 

it 

3.77-8 

5.73-  7 

2.19-  5 

0.440 

5° 

■■ 

9.17-24 

2.22-11 

6C° 

8.15-9 

2.67-  7 

2.16-  5 

0.240 

5° 

G. 

2.19-  9 

2.03-  3 

60° 

3  46-7 

2.35-  6 

4.46-  5 

0.340 

5' 

•• 

5.41-10 

1.90-  6 

O 

c 

vT 

" 

8.02-8 

1.11—  6 

4.40-  5 

0.440 

5° 

" 

1.34-10 

1.77-  6 

60° 

1.87-8 

5  25-  7 

4.33-  5 

'he  selected  data  in  Table  2  give  a  survey  on  the  variation  of  intensity  in  the  wavelength  region  297.5  to 
330  nm.  The  factors  F  in  Table  3  show  how  the  intensity  of  the  various  components  varies  from  X  =  330 
fo  380  nm. 

Table  3.  Factor  F  =  1(380)  / 1(330)  by  which  the  intensity  of  the  different  components  H,  S,  Sn,  and  G 
of  natural  ultraviolet  radiation  varies  from  X  =  330  to  380  nm.  The  figures  relate  to  Z  =  0  km 
and  X  =  0.340  cm 


ho 

H 

s.sn 

G 

5° 

1  76 

83.3 

1.76 

10° 

1.43 

11.5 

1.46 

20° 

1.02 

3.65 

1.25 

40° 

0.94 

2.06 

1.34 

60° 

1.00 

1.73 

1.36 

90° 

1.02 

1.62 

1.36 

Some  remarks  on  the  spectral  distribution  of  natural  ultraviolet  radiation  may  be  in  piace.  The  extraterrestrial 
solar  intensity  increases  from  297.5  to  330  nm  by  a  factor  of  1.9,  but  varies  only  little  in  its  mean  trend  from 
330  to  380  nm.  The  absorption  coefficient  of  ozone  decreases  rapidly  from  297.5  to  330  nm  and  can  be 
neglected  between  340  and  380  nm.  In  consequence  we  can  distinguish  two  wavelength  regions  with  essentially 
different  trends  of  intensity:  Up  to  330  nm  the  intensity  increases  by  several  orders  of  magnitude  and  the  shape 
of  the  spectrum  varies  with  the  vertical  distribution  and  total  amount  of  atmospheric  ozone.  From  330  to 
380  nm  the  variation  of  intensity  in  general  covers  only  a  fraction  of  one  magnitude,  as  can  be  seen  from  the 
figures  in  Table  3.  For  solar  altitudes  of  hQ  ~  15°  these  variations  are  quite  small  for  sky  intensity  and  mode¬ 
rate  for  global  intensity.  However,  also  in  this  wavelength  region  an  increase  exceeding  one  order  of  magnitude 
is  found  for  direct  solar  intensity  at  low  solar  altitudes.  In  this  case  the  large  values  of  m(hQ)  and  the  diminishing 
values  of  tp  and  tg  produce  a  strong  decrease  of  the  exponent  0.4343  (tp  +  ta)m(h0)  in  relation  (2)  towards 
longer  wavelengths. 

These  characteristic  features  of  the  ultraviolet  spectrum  are  illustrated  in  Fig.  2  which  shows  the  spectral 
distribution  of  global  radiation  for  different  ozone  amounts  and  solar  altitudes  according  to  our  approximation. 
These  curves  demonstrate  the  steep  decrease  of  intensity  below  X  =  330  nm  and  the  flatter  trend  from  X  =  330 
to  380  nm.  In  addition  the  strong  influence  of  ozone  on  the  intensity  and  on  the  shape  of  the  spectrum  can 
be  seen. 

Fig.  3  shows  ultraviolet  global  intensity  for  different  elevations  and  wavelengths  in  dependence  on  the  amount 
X  of  atmospheric  ozone.  These  curves  represent  the  sum  of  H(X,hQ,X)  and  Sn(X,h0,X,Z)  which  are  both 
exponential  functions  of  X  The  trend  of  the  curves  is  nparly  linear  in  logarithmic  representation.  The  natural 
variations  of  ozone  covering  an  interval  of  X  =  0.240  cm  to  O^O  cm  cause  large  changes  of  global  intensity 
at  shorter  wavelengths,  which  correspond  to  factors  of  24  and  5  for  X  =  297  b  and  302.5  nm  respectively. 

An  example  for  the  influence  of  solar  altitude  on  global  intensity  is  given  in  Fig.  4  for  different  wavelengths 
and  for  an  ozone  amount  of  X  =  0.340  cm.  The  trend  from  hQ  =  60°  to  90°  is  influenced  by  the  errors  dis¬ 
cussed  in  section  1.2 

The  influence  of  elevation  a  s  I  on  global  intensity  is  illustrated  in  Fig  5  for  a  mean  amount  X  -  (,  340  cm  of 
atmospheric  ozone  and  for  solar  altitudes  of  hQ  -  I5°„  30°  and  60° 
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The  trend  of  these  curves  is  affected  by  the  approximation  discussed  in  section  1.1.2  and  1.2.  The  errors  can  be 
estimated  from  the  values  D  in  Table  1  and  amount  to  ~  20%  for  hQ  =  15°  and  30°  and  to  ~  6%  for  hQ  =  60°, 
as  far  as  elevations  up  to  Z  =  3  km  are  concerned.  The  results  for  higher  elevations  must  be  considered  as 
tentative.  For  certain  intervals  of  wavelengths  and  solar  altitude  the  errors  D  are  small  or  moderate  also  for 
Z  =  4  and  5  km. 

The  variation  of  the  intensity  of  the  ether  components  in  dependence  on  wavelength,  ozone  and  solar  altitude 
shows  essentially  a  pattern  similar  to  that  illustrated  in  Figs.  2  -  5  for  global  radiation.  However  the  intensity 
of  direct  ultraviolet  solar  radiation  decreases  towards  lower  solar  altitudes  far  more  steeply  than  the  intensity 
of  diffuse  sky  radiation.  All  the  more  this  applies  to  the  vertical  component  Sn-  Furthermore,  at  low  solar  alti¬ 
tude  direct  solar  intensity  falls  off  more  rapidly  towards  shorter  wavelengths  than  sky  intensity.. 

Depending  on  solar  altitude  and  wavelength  sky  intensity  attains  a  maximum  at  a  certain  elevation  or  decreases 
monotonously  from  Z  =  0  km  upwards,  as  can  be  seen  from  the  theoretical  trend  in  Fig.  1.  Direct  solar  inten¬ 
sity  evidently  increases  with  elevation.  The  same  is  true  for  the  present  results  on  global  intensity  where  the  sky- 
component  has  been  assumed  as  independent  on  elevation. 

2.2  The  influence  of  an  assumed  reduction  of  atmospheric  ozone  on  ultraviolet  intensity 

The  effectiveness  of  a  number  of  important  photobiological  processes  increases  sharply  from  X  =  320  nm 
towards  shorter  wavelengths  and  maxima  are  attained  between  X  =  240  and  300  nm.  Many  of  these  effects 
are  detrimental  to  man,  animals  or  plants.  Atmospheric  ozone  absorbs  a  considerable  part  of  the  incoming 
solar  radiation  below  320  nm  and  works  thus  as  a  protection  shield  against  the  dangerous  shorter  wavelengths. 
Johnston  (20)  suggested  that  water  and  oxides  of  nitrogen  emitted  as  combustion  products  by  future  SST 
aircraft  may  catalyse  the  destruction  of  atmospheric  ozone,  whereby  the  intensity  of  the  harmful  ultraviolet 
radiation  would  increase  at  the  earth's  surface. 

It  is  therefore  of  interest  to  examine  the  effects  of  an  assumed  decrease  in  the  total  amount  of  ozone.  This 
question  has  been  studied  in  connection  with  the  computations  described  in  the  foregoing  sections.  The  results 
are  shown  in  Table  B  which  gives  the  intensity  of  the  various  components  of  ultraviolet  radiation  at  sea  level 
for  three  latitudes  0  =  0°,  40°,  and  73°  and  for  different  assumed  reductions  of  the  amount  of  ozone.  These 
figures  relate  to  the  annual  mean  ozone  amount  for  the  latitudes  considered  and  to  selected  solar  altitudes.  The 
table  contains  furthermore  the  factors  Q  by  which  the  intensity  is  increased  by  the  reduction  of  ozone. 

The  average  seasonal  variations  of  ozone  around  the  annua!  mean  amount  to  about  ±  18%,  +  1 1%  and  ±  4% 
for  the  latitudes  0  -  73°,  40°,  and  0°  respectively.  These  values  allow  a  comparison  with  the  reductions 
assumed  in  Table  B, 

The  figures  in  Table  B  show  the  strong  effect  produced  by  even  relatively  small  reductions  of  ozone.  Erythemal 
effectiveness  attains  its  first  maximum  near  X=  297.5  nm.  At  a  meun  latitude  of  40°N  global  intensity  increases 
at  this  wavelength  by  factors  of  Q  =  1.59,  3.21,  and  10.3,  if  the  annual  mean  ozone  amount  is  reduced  by  10%,. 
25%,  and  50%  respectively. 

The  influence  of  an  ozone  reduction  increases  from  0  =  0°  to  73°  and  Towards  shorter  wavelengths.  For-the 
highest  latitude  and  tho  shortest  wavelength  considered  the  intensity  of  sky,,  solar  and  global  radiation  is 
diminished  by  factors  of  Q  =  14.6,  43  0,  and  21.9  m  consequence  of  a  50%  ozone  reduction.  At  the  shortest 
wavelengths  duect  solar  intensity  is  more  affected  than  the  sky  component.  This  differenca  is  pronounced 
for  0  -  73°N 
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Tha  values  of  H(X^0,XQ)  and  T(X,h0)  have  been  derived  from  measurements  of  ultraviolet  sky  intensity  over 
periods  where  the  ozone  amount  varied  between  X  =  0.270  and  0.405  cm.  The  data  in  Table  B  for  a  50%  , 

decrease  of  the  mean  annual  amount  of  ozone  relate  to  X  =  0.124, 0.159,  and  0.183  cm  for  0° 40° and  73°  i 

Northern  Latitude  respectively.  The  latter  values  represent  46%,  59%,  and  68%  respectively  of  the  minimum 
ozone  amount  (X  =  0.270  cm)  observed  during  the  measurements.  The  values  for  H,  G,  and  Q  in  Table  8  j 

corresponding  to  a  50%  decrease  of  ozone  are  thus  based  on  an  extrapolation  over  a  rather  large  interval  of  i 

ozone  amounts,  which  actually  do  not  exist.  These  figures  should  thus  be  considered  to  be  tentative.  More  j 

accurate  resuits  could  be  obtained  by  a  theoretical  computation  of  the  sky  component  (see  section  1.4).  On  l 

the  other  hand,  the  results  on  S  and  Sn  are  directly  computed  and  not  affected  by  any  extrapolation. 

) 

i 

2.3  The  spectral  distribution  of  ultraviolet  solar  radiation  below  X-  300  nm  and  the  short  wavelength  j 

( 

limit  of  the  terrestrial  solar  spectrum.  Computed  results  ! 

The  following  results  have  been  obtained  by  straightforward  computations  and  relate  to  direct  solar  intensity  j 

only.  More  involved  calculations  which  are  outside  the  scope  of  this  report  would  have  been  needed  to  take 
also  sky  and  global  intensity  into  consideration.  Fig.  6  shows  the  mean  trend  of  the  extraterrestrial  solar  spectrum 
derived  from  Tousey  et  al.  (21  '  2.23)  as  well  as  the  terrestrial  spectrum  for  selected  latitudes  and  solar  altitudes.  j 

The  latter  curves  relate  to  sea  level  and  to  the  annual  mean  amount  of  ozone  for  the  latitudes  considered.  Added  j 

are  the  corresponding  spectra  for  an  assumed  50%  reduction  of  the  ozone  amount. 

Relation  (2)  has  been  used  for  the  computations  but  attenuation  by  aerosol  scattering  was  neglected.  The  values  | 

for  tR(X,Z)  and  k(X)  have  been  derived  from  E  Herman's  (16)  and  Vigroux's  (17)  data  respectively.  The  ozone 
absorption  coefficient  k| X)  relates  to  a  bandwidth  of  1 .0  nm  in  this  case.  Mean  values  for  the  extraterrestrial 
intensity  SQ(X)  averaged  over  a  band  v-dth  of  1.0  nm  and  determined  from  Fig.  16  in  (23)  have  furthermore 
been  applied. 

The  curves  in  Fig.  6  show  the  great  influence  of  atmospheric  ozone  on  direct  solar  intensity  for  the  shortest 
wavelengths  of  the  terrestrial  spectrum.  The  extraterrestrial  intensity  fluctuates  greatly  within  wavelength  inter¬ 
vals  of  1 .0  nm.The  short  wavelength  limit  Xm  of  the  terrestrial  spectrum  depends  thus  on  the  bandwidth  applied 
for  the  measurements  and  further  on  the  detectable  minimum  level  lm  of  intensity.  The  values  of  Xm  listed  in 
Table  4  have  been  determined  from  the  curves  in  Fig.  6  and  relate  to  a  spectral  bandwidth  of  1.0  nm  and  to  two 
different  levels  lm  =  1C*10  and  10“n  Wcm"2nm'‘  respectively.  Included  is  furthermore  the  shift  of  the  short 
wavelength  limit  caused  by  an  assumed  50%  reduction  of  ozone.  This  shift  amounts  to  between  4.5  and  6.3  nm 
de;tending  on  latitude  and  on  the  assumed  level  lm.  There  occur  thus  appreciable  but  by  no  means  drastic 
shifts  of  the  short  wavelength  limit  as  a  consequence  of  a  5C%  ozone  reduction.  Differences  of  about  5  nm 
exist  also  in  the  values  of  Am  for  0°  and  73°N.  latitude. 

To  compare  conditions  with  maximum  and  minimum  amounts  of  ozone  the  following  cases  may  be  considered: 

minimum  amount  of  ozone  X  =  0.240  cm 
maximum  soicr  altitude  h0  =  90° 
lm  10“'°  Wcm~2  nm'1 
Xm  =  287.7  nm 


Latitude  0=0' 
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Latitude  0  =  73°  maximum  amount  of  ozone  X  =  0.460  cm 
maximum  solar  altitude  h0  =  40° 
lm  =  10_,oWcm'Jnm_1 
^  =  295.5  nm 

The  shift  of  Am  which  corresponds  to  the  maximum  natural  variation  of  ozone  amounts  thus  to  7.8  nm,  ns  far  as 
direct  solar  intensity  is  concerned. 

The  results  on  Am  discussed  above  relate  to  solar  altitudes  hQ  >  40°.  For  decreasing  solar  altitude  the  limit  Am 
moves  rapidly  towards  longer  wavelengths. 


Table  4.  Short  wavelength  limit  Am  of  the  ultraviolet  solar  spectrum  for  the  annual  mean  amount  of  ozone 
at  selected  latitudes  and  for  an  assumed  50%  decrease  of  the  ozone  amount. 

Im  Detectable  minimum  intensity  (Wcm~J  nm'1 ) 

0  Latitude 

h0  Solar  altitude 

Am  Short  wavelength  limit  (nm) 


0 

ho 

Ozone 

Am 

m 

Sh  ;l 

10' 10 

73°  N 

40° 

100% 

294.4 

5.0 

50% 

289.4 

40°N 

60° 

100% 

290.7 

5.0 

50% 

285  7 

0° 

60° 

100% 

289.1 

4.5 

50% 

283.4 

10" 

73°N 

40“ 

100% 

292.7 

4.5 

50% 

288.2 

40°  N 

60° 

100% 

289.5 

5.6 

50% 

283.9 

0° 

bU° 

100% 

287.8 

6.3 

50% 

281.5 
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2.4.  Tha  variation  of  ultraviolet  intensity  in  dependence  on  Northern  Latitude 

The  total  amount  and  vertical  distribution  of  atmospheric  ozone  varies  with  season  and  in  dependence  on  lati¬ 
tude  and  longitude.  Average  total  amounts  of  ozone  around  each  latitude  circle  of  the  Northern  Hemisphere 
have  been  determined  by  London  (18)  for  spring  (March,  April  ,May),  summer  (June,  July,  August),  fall 
(September,  October,  November),  and  winter  (December,  January,  February).  Similar  values  for  the  Southern 
Hemisphere  have  bean  published  by  Sticksel  (19).  The  following  results  relate  to  the  Northern  Latitudes. 

Table  5  shows  the  average  ozone  amount  5?(0)  as  a  function  of  latitude  for  the  four  seasons.  These  figures  have 
been  determined  horn  Fig.  4  of  London's  paper  (18).  Ozone  increases  towards  North  during  all  seasons  and 
attains  a  maximum  between  0  =  60°  -70°  (fall,  winter,  summer)  or  at  0  =  90°  (spring).  The  seasonal  variations 
are  smallest  at  the  equator  and  largest  in  polar  latitudes. 

The  values  hom  in  Table  5  are  maximum  solar  altitudes  for  the  latitudes  in  question  and  for  the  round  values 
of  soiar  declination  indicated  for  each  season.  The  latter  figures  deviate  only  little  from  the  mean  values  of 
declination  representative  for  the  season.  The  values  hom  represent  thus  approximately  the  maximum  or  noon 
solar  altitude  *or  the  latitude  and  the  middle  of  the  season. 


Table  5.  f  lean  total  amount  X(0)  of  atmospheric  ozone  around  each  latitude  circle  for  the  Northern 

Hemisphere  according  to  London  (18).  Maximum  solar  altitude  hom  for  latitude  0  and  for  the 
round  values  d  of  solar  declination  representative  for  the  different  seasons. 


Spring  Summer  Fall  Winter 


0 

d  = 

+10° 

d  = 

+20° 

d  = 

-10° 

d  » 

o 

O 

CM 

1 

(N) 

X(0) 

hom 

5<(0) 

hom 

X(0) 

^om 

X(0) 

hom 

0° 

0.260 

O 

O 

00 

0.256 

70° 

0.244 

O 

O 

00 

0.241 

o 

O 

o* 

10° 

0.268 

90° 

0.261 

o 

00 

0.253 

70° 

C.247 

60° 

20° 

0.287 

80° 

0.273 

90° 

0.261 

60° 

0.260 

50° 

30° 

0.313 

o 

o 

0.292 

80° 

0.270 

50° 

0.284 

40° 

o 

o 

0.352 

60° 

0.314 

70° 

0.281 

40° 

0.318 

CO 

o 

o 

50° 

0.395 

50° 

0.333 

60° 

0.299 

30° 

0.357 

20° 

60° 

0.419 

o 

o 

0.346 

50° 

0.308 

o 

O 

04 

0.373 

10° 

O 

O 

o. 

0.430 

30" 

0.349 

40° 

0.307 

10° 

0.370 

0° 

80° 

0.435 

20° 

0.347 

30° 

0.299 

0° 

0.364 

CD 

O 

o 

0.436 

10° 

0.339 

20° 

0.290 

0.361 

For  examining  the  variation  of  ultraviolet  intensity  with  latitude  and  season  the  various  components  have  been 
computed  for  the  values  of  X(0)  and  hom  in  Table  5.  The  results  are  shown  in  Table  C  and  illustrated  in 
Figs.  7a-d  for  selected  wavelengths  and  for  global  intensity.  These  results  represent  the  approximate  maximum 
intensity  for  noon.  The  values  of  H(\,h0,X0)  obtained  at  Davos  in  "summer  conditions"  (ground  not  covered 
with  snow)  and  "winter  conditions"  (all  surrounding  land  covered  with  sn^w)  respectively  have  been  applied 
for  the  computations  tor  all  seasons.  However,  no  seasonal  or  geographical  variations  of  albedo  have  been  taken 
into  account.  The  data  in  Table  C  relate  to  '  summer  conditions".  The  corresponding  results  for  "winter  condi¬ 
tions"  have  also  been  computed  for  all  latitudes  and  seasons,  but  are  not  included  in  this  report.  The  increase 
in  the  measured  values  of  sky  intensity  caused  by  the  elevated  albedo  in  winter  is  discussed  in  section  2.1. 


!$g  ,v>  v 
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The  figures  "-1.0QE— 00"  in  Table  C  refer  to  cases  for  which  no  values  for  the  coefficient  T(X,hQ)  could  be 
determined.  The  following  remarks  relate  to  the  variation  of  the  intensity  and  to  the  effects  of  the  approxi¬ 
mations  applied. 

The  intensity  of  the  components  S(0,  X),  Sn(0,X)  and  G(0,X)  decreases  from  0  =  20°N  towards  higher  latitudes. 
The  decrease  is  more  pronounced  for  shorter  wavelengths  and  higher  latitudes.  This  trend  can  be  explained  by 
the  combined  effect  of  the  varying  amount  X{0)  of  ozone  and  of  the  decreasing  solar  altitude  hQm.  For  lati¬ 
tudes  0  >  20°N  the  intensity  attains  a  maximum  in  summer  and  a  minimum  in  winter  and  follows  thus  the 
annual  trend  of  noon  solar  altitude.  The  seasonal  decrease  of  atmospheric  ozone  from  a  maximum  in  spring  to 
a  minimum  in  fall  partly  counteracts  this  trend,  the  effect  of  solar  altitude  is  however  dominant. 

A  similar  variation  is  found  for  the  values  of  sky  intensity  H(0,X)  as  far  as  latitudes  0  >  40° N  are  concerned. 
However  the  results  on  sky  intensity  for  h„  >  70°  are  more  or  less  affected  by  the  approximation  discussed 
in  section  1.1.1.  This  applies  to  the  summer  values  for  0  <  40°N  and  to  the  spring  values  for  0  <  30°N.  The 
same  is  true  for  the  fall  values  for  0  <  10°N  and  for  the  winter  values  for  0  =  0°.;  The  resulting  values  for 
H(0,X)  vary  in  these  cases  in  dependence  jn  X(0),  but  do  not  change  from  hQm  =  70°  to  90°,;The  errors  intro¬ 
duced  by  this  approximation  are  estimated  in  section  1.1.1.  For  hQm  =  90°  and  X  =  297.5,  302.5,  and  305.0  nm 
the  values  for  H(0,X)  are  too  low  by  about  50%,  30%  and  22%  respectively.  Such  errors  exist  in  the  summer 
values  for  0  =  20°N  and  in  the  spring  values  for  0  =  10°.,  The  errors  are  smaller  for  longer  wavelengths  and  for 
solar  altitudes  hom  differing  less  from  hQm  =  65°,. 

The  approximation  involved  in  the  values  of  H(0,X)  influences  also  the  results  on  global  intensity  G(0,X)  for 
the  latitudes  and  seasons  relating  to  hom  >  70°  mentioned  above.  The  values  for  global  intensity  are  too  low 
in  these  cases  (see  section  1.1.2).  The  errors  are  smaller  than  those  produced  in  H(0,X)  and  attain  about  17% 
at  maximum.  Errors  of  this  amount  exist  in  the  results  on  G(0,X)  for  X  =  297.5  nm  and  for  0  =  20°N.  in 
summer,  and  for  0  =  10°N,  in  spring.  The  corresponding  errors  for  X  =  302.5  nm  amount  to  « 1 1%.  Fluctuations 
of  this  magnitude  can  be  caused  by  short  period  variations  of  ozone  or  turbidity.  The  accuracy  for  G(0,X) 
may  therefore  be  satisfactory  for  most  climatological  applications,  whereas  the  results  on  H(0,X)  relating  to 
hom ,  80°  and  X  ~  310  nm  are  seriously  affected  by  the  approximation  applied. 

Maps  showing  the  hemispheric  distribution  of  the  mean  total  amount  of  atmospheric  ozone  in  dependence 
on  Northern  Latitude  and  Longitude  are  presented  in  Figs,  la  -  d  and  Fig.  2  of  London's  paper  ( 18)  for  the 
four  seasons  and  for  the  annual  mean  respectively  ..These  curves  cover  an  interval  of  0.240  <  X  <  0.460  cm  in 
increments  of  AX  =  0.020  cm.  Each  curve  relates  to  a  given  ozone  amount  X  and  to  the  corresponding  spectra 
l(X,h0,X,Z)  of  the  components  H,S,Sn,  and  G.  Maps  of  the  geographical  distribution  of  ultraviolet  radiation 
can  be  prepared  by  indicating  the  corresponding  intensity  l(X,h0,X,Z)  on  each  curve.  The  complete  set  of  data 
covering  the  total  interval  of  X  in  increments  of  AX  =  0.020  cm  should  be  applied  in  place  of  the  selected 
values  contained  in  Table  A. 

A  large  number  of  graphs  are  needed  to  present  all  results  in  this  way  Considering  the  number  of  different  valu.s 
of  the  parameters  included  in  Table  A  and  ignoring  the  tentative  results  for  Z  =  4  and  5  km  we  need  192  dia¬ 
grams  for  each  solar  altitude  and  elevation  or  768  diagrams  for  each  solar  altitude. 

The  curves  of  constant  intensity  obtained  by  means  of  this  procedure  do  not  relate  to  round  values  of  intensity. 
Curves  cf  constant  round  values  of  intensity  could  hov'ever  be  interpolat'd,  if  considered  necessary. 
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3.  The  influence  of  clouds  on  ultraviolet  radiation 

Clouds  may  increase  or  decrease  ultraviolet  sky  intensity  and  attenuate  direct  solar  intensity  in  part  or  comple¬ 
tely.  The  amount  of  the  latter  effect  on  global  radiation  depends  on  the  ratio  Sn/H  of  the  vertical  solar  compo¬ 
nent  to  the  sky  component  and  decreases  towards  shorter  wavelengths  and  lower  solar  altitudes. 

The  influence  of  clouds  on  sky  intensity  has  been  examined  in  a  former  report  (5)  for  various  kinds  and  amounts 
of  cloud  and  for  different  solar  altitudes.  The  mein  results  may  be  resumed  shortly.  The  ratio  q  of  the  intensities 
obtained  with  and  without  clouds  was  determined  from  measurements  of  sky  intensity  under  various  conditions 
at  Davos  (1590  m  a.s.l.)..The  wavelength  X  =  330  nm  which  is  little  affected  by  ozone  absorption  and  X  =  370  nm 
which  is  not  influenced  by  ozone  have  been  chosen  for  this  investigation.  Mean  values  q  of  the  ratio  q  averaged 
over  all  solar  altitudes  and  relating  to  overcast  sky  are  given  in  Table  6  for  low,  middle,  and  high  clouds. 

In  general,  the  influence  of  clouds  on  ultraviolet  sky  intensity  is  relatively  moderate  for  the  wavelengths  consi¬ 
dered.  Much  larger  values  up  to  q  =  6.2  have  been  found  in  a  similar  study  (24)  on  the  effect  of  clouds  on  total 
sky  radiation  (0.3  p  S  X5  3.0  p),  as  measured  by  means  of  a  thermoelectric  pyranometer.  The  highest  increase 
of  ultraviolet  sky  intensity  corresponding  to  ratios  q  =  2.05  and  2.32  for  X  =  330  and  370  nm  respectively  was 
found  for  a  homogeneous  layer  of  cirrus  clouds  (Cs  neb  10).  Values  as  low  as  q  =  0.06  were  obtained  on  the 
other  hand  for  hQ  =  46.3°  during  a  thunderstorm. 


Table  6.  Values  of  the  mean  ratio  q  for  sky  radiation  of  the  overcast  sky  and  for  all  kinds  of  low,  middle, 
and  high  clouds.  Amount  of  clouds  8/10  -  10/10. 

S  Summer  period,  ground  not  covered  with  snow 
W  Winter  period,  ground  covered  with  snow 

q  Mean  ratio  of  the  values  of  sky  intensity  obtained  with  and  without  clouds  respectively.. 
Averaged  over  all  solar  altitudes  considered. 

n  Number  of  values  from  which  the  means  q  have  been  taken. 
s%  Standard  deviation  of  the  values  q  around  q 


Clouds 

Season 

X 

=  330  nm 

X 

=  370  nm 

q 

n 

,% 

q 

n 

s% 

Low  clouds 

S 

0.85 

37 

53 

1.03 

37 

52 

inclusive 

w 

C. ’3 

219 

37 

0.77 

75 

41 

Cu  and  CL 

S  +  w 

0.75 

256 

41 

0.86 

112 

57 

Middle  clouas 

s 

0.70 

10 

63 

0.86 

10 

65 

w 

0.91 

41 

22 

0.94 

18 

27 

n 

S  +  w 

0.87 

51 

31 

0.92 

28 

41 

High  clouds 

s 

1.33 

4 

42 

1.44 

4 

48 

" 

w 

1.07 

27 

21 

i  .20 

24 

26 

" 

s  +  w 

1.10 

31 

26 

1.23 

28 

30 
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4.  Cone  hi  ding  remarks 

At  present  only  a  limited  number  of  spectral  data  on  ultraviolet  sky  and  global  intensity  is  available.  Approxi¬ 
mations  to  derive  climatological  results  for  different  elevations  and  latitudes  had  to  be  applied  for  this  investi¬ 
gation.  More  extensive  measurements  and  computations  are  needed  to  establish  a  satisfactory  climatology  of 
ultraviolet  radiation.  The  following  suggestions  for  future  work  may  be  given. 

Measuring  program: 

The  intensity  should  thoroughly  be  studied  in  dependence  on  all  parameters,  such  as  ozone,  elevation  a.s.1., 
albedo,  and  turbidity. 

Components  to  be  measured: 

In  general,  the  radiation  from  sun,  sky,  and  sun+sky  on  a  horizontal  surface  has  been  recorded.  The  measure¬ 
ments  should  be  extended  to  sky  and  global  radiation  received  by  differently  orientated  planes.  In  addition, 
measurements  of  ultraviolet  sky  radiance  along  various  meridians  of  the  hemisphere  should  be  included.  These 
components  may  even  be  more  significant  than  solar,  sky,  or  global  radiation  on  a  horizontal  surface.  Values 
of  ultraviolet  sky  radiance  are  well  suited  for  a  comparison  of  measured  and  theoretically  computed  results 
on  diffuse  sky  radiation,  as  has  been  discussed  in  a  previous  report  (7). 

Equipment: 

Spectrophotometers  of  high  spectral  purity  and  high  light  power  transmission  are  required  to  obtain  reliable  .. 
results  for  wavelengths  below  X  as  320  nm,  where  the  intensity  falls  off  steeply  towards  the  short  wavelength 
limit.  Special  attention  should  be  paid  to  the  method  of  calibration.  Automation  of  the  measuring  processes 
and  adequate  facilities  for  data  acquisition  and  processing  are  required  to  measure  and  evaluate  the  large 
number  of  data  efficiently.  A  satisfactory  compromise  between  the  contradictory  demands  on  sensitivity, 
accuracy  and  measuring  speed  must  be  found.  Integrating  spheres  or  similar  devices  allowing  measurements  of 
radiation  from  all  directions  according  to  the  cosine  law  must  he  provided  and  adapted  to  the  optics  of  the 
spectrophotometer . 

Places  of  observation: 

It  would  be  difficult  to  analyse  the  results  of  measurements  obtained  in  conditions  where  part  of  the  principal 
parameters  undergo  large  flu  '  uations.  Plains  with  practically  homogeneous  distribution  of  albedo  and  clear 
air  (e.  g.  at  high  elevations),  or  where  ozone  variations  are  small  (at  low  latitudes)  would  be  well  suited  for  the 
basic  program  mentioned.  The  best  solution  might  be  a  mobile  station  for  radiation  measurements  which, 
within  limits,  would  offer  a  larger  choice  of  parameter  values  than  a  fixed  station  and  facilitate  measurements 
in  special  conditions.  A  mobile  station  for  measuring  the  visible  and  near  infrared  intensity  of  all  compone'  ts 
mentioned  is  under  development  at  the  World  Radiation  Center,  Davos  Observatory.,  It  is  planned  to  extend 
the  measurements  to  ultraviolet  radiation. 

Theoretical  work: 

The  mathematical  methods  for  examining  the  influence  of  ozone,  turbidity,  albedo,  and  elevation  on  sky  and 
global  intensity  are  available.  This  opportunity  should  be  exploited  to  check  the  results  of  the  basic  measuring 
program.  In  addition,  theoretical  results  on  the  world  wide  distribution  of  ultraviolet  intensity  should  be 
derived.  Such  data  could  be  compared  with  the  actual  intensity  and  would  allow  to  interpolate  or  extrapolate 
the  results  of  measurements  to  different  conditions. 

It  can  be  expected  that  a  combined  effort,  based  on  measurements  and  theoretical  work,,  will  be  the  best 
approach  to  establish  a  reliable  and  comprehensive  climatology  of  ultraviolet  radiation 


19 


1.  Better,  P.:, 


2,  Better.  P.: 


3.  Better,  ►  ■ 


4.  Better,  P..: 


5.  Better,  P.; 


6,  Bener,  P..: 


7..  Better,  P.; 


0.  Bener,  P... 


9.  Committee 


10.  Gotz,  F.W  P. 

1 1  Gotz,.  F  W  P 

and  Casparis,  Ph. 


LIST  OF  REFERENCES 

Investigation  on  the  spectral  intensity  of  ui.-ariotet  ay  and  sun+sky  radiation  under 
different  conditions  of  cloudless  weather  ar  1590  m  a-S.L  Contract  AF  61(062)— 54, 
Technical  Summary  Report  No.  1,  Davos,  December  I960. 

Investigation  on  the  spectral  intensity  of  ultraviolet  sky  and  sun-sky  radiation  urder 
various  conditions  at  1590  m  a.s.1.  Contract  AF  61(0521—54.  Final  Technical 
Report,  Davos,  May  1962. 

Comparison  of  measured  and  theoretical  values  of  the  spectral  intensity  of  ultraviolet 
sky  radiation.  Contract  AF  61(052)-618.  Technical  Note  No.  1,  Davos,  September 
1962.: 

The  diurnal  and  annual  variations  of  the  spectral  intensity  of  ultraviolet  sky  and 
global  radiation  on  cloudless  days  at  Davos,  1590  m  a.s.1.  Contract  AF  61  (052) — 618. 
Technical  Note  No.  2,  Davos,  January  1963. 

Investigation  on  the  influence  of  clouds  on  ultraviolet  sky  radiation  (at  330  mp  and 
370  m/i).  Contract  AF  61(052)—618,  Technical  Note  No.  3,  Davos  March  1964.. 

A  new  spectrophotometer  for  measuring  I'Hraviolet  sky  brightness  and  direct  solar 
radiation.  Contract  AF  Cl (0521— 618,  Fine.  Scientific  Report,  Davos,  April  1967. 

Measured  and  theoretical  values  of  ,Ke  spectral  intensity  of  ultraviolet  zenith 
radiation  and  direct  solar  radiation  at  316, 1:»d0,  and  2818  m  a.s.1.. 

Contr.  F  61052— 67— C— 0029,  Final  Scientific  Report,  Davos,  July  1970. 

Solar  intensity  and  intensity  and  polarization  of  sky  radiation  for  347.0,  488.0,  and 
533.5  nm  at  selected  points  along  the  sun's  vertical  and  other  meridian*;  measured  at 
2818  m  a.s.1.  Final  Technical  Report,  Contract  DAJA  37-68- -C-1C17,  Davos, 
August  1970. 

to  examine  and  evaluate  the  state  of  knowledge  of  the  effects  of  solar  radiation 
between  230  and  320  nm  upon  man  and  other  living  organisms;  Effects  of  ultra¬ 
violet  radiation  on  man  and  other  organisms.  A  report  prepared  for  the  Environ¬ 
mental  Studies  Board  of  the  National  Academy  of  Sciences/National  Academy  of 
Engineering,  2101  Constitution  Avenue,  Washington,  D.  C.  20418 

Die  kurzeste  Wellenlange  des  Sonnenlichts  Strshlemnerapie  40.  690  (1931) 

Photographie  des  ultravioletten  Spektralendes  Zt.tschr.  fui  angewandte  Photo- 
graphie  in  Wissenschaft  und  Technik  4,  65,  left  5,  Nov.  1942 


12  Urebe.K..  Ober » UV Mtggtrjti  mh  VorsgzfcugH Sr SfrabMtgwinhil umtr yaw VitnktL 

and  Sdwta,  R.:  ZMochr.  techr-  Phyuk  S.  *44  <1942!. 

13.  Bener,  P_:  Tagsv  and  Atropg  der  spefcoMcn  Intewitat  dsr  ukrasglcncn  Global-  und 

HimmettnabJung  bn  wotanfrww  Himmei  in  Davos  (1590  MI.I.  Sirahiefr 
therapie  123.  (?!.  306  (1964! 

14.  Dave.  J.V..  and  Scattered  radiation  «  die  ozone  absorption  bands  at  selected  levels  of  a  terrestrial 

Fu.ukawa.  P  M.:  Rayleigh  atmosphere.  Meteorological  Monographs.  7.  No.  29,  January  1966. 

Published  by  one  American  Meteorological  Society.  Boston.  Mass..  USA. 

15.  Thekaekara,  M.P.:  Proposed  standard  values  of  the  sol*'  constant  and  the  solar  spectrum.  J.  Environmental 

Sciences  13  (4i  6—9,  Sept.  -  Oct.  (1970).. 

16.  Eltarman.  L.;.  UV.  Visible,  and  I R  attenuation  for  attitudes  to  50  km,  1968.  AFCRL-68-0135. 

April  1368.  Environmental  Research  Papers,  No.  285.  Optical  Physics  Laboratory, 
Project  7670.  Air  Force  Cambridge  Research  Laboratories.  Bedford.  Mass. 

17.  Vagroux,  E.X  Contribution  a  I'etude  experimental  de  (’absorption  de  lozone.  Ann.  Phys. 

Ser.  12.  vo!.  8.  p.  709(1953).. 

18.  London.  J.:.  The  distribution  of  total  ozone  in  the  Northern  hemisphere.  Beitrige  zur  Physik  der 

freien  Atmosphare  36,  254-263,  (1963)., 

19.  Sticksel,  The  annual  variation  of  total  ozone  in  the  Southern  hemisphere.  Monthly  Weather 

Philip.  R.;:  Review,  38.  787  (1970). 

20..  Johnston,  H.;:  Reduction  of  stratospheric  ozone  by  nitrogen  oxide  catalysts  from  supersonic 

transport  exhaust.  Science  173,  517,  August  1971. 

21.  Tousoy,  R.  ef  al.:  Astrophys  J,  119,  590  (1954) 

22.  Tousey,  R.  et  al...  Rocket  exploration  of  the  upper  atmosphere.  Boyd,  R.  L.  F.  and  Seaton,  M.  J.. 

Editors,  pp  189-199,  Pergamon  Press  Ltd  ,  Lor  don  (1954). 

23.  Tousey,  R  The  radiation  of  the  sun.  The  Middle  Ultraviolet,  Green,  A.  E.  S  ,.  Editor,  John  Wiley  & 

Sons,  New  York  1966 

24  Bener,  P  ;  Der  Einfluss  der  Bewolkung  auf  die  Himmelsstrahlung.  Arch  Met  Geophys. 

Biokl  B,  12,  442  (1963) 


25  Schulze,  R  and 
Grafe,  K... 


Consideration  of  sky  ultraviolet  radiation  in  the  measurement  of  solar  ultraviolet 
radie’ion  In  "The  biologic  effects  of  ultraviolet  radiation",  edited  by  Frederick  Urbach. 
Pergamon  Press,  Oxford  &  New  York,  1969 


sags 


T**tA-  Apprcxrracs  rtfc«5  =*  «waisy  for  rtffererrt  eompcnerrs  of  r*-r*  -c^no^i  ratSaecrt  far 
CfcXXfSieSS  jS^f  and  Selected  ¥3tKJ&A  o£  the  principle  pS^STTTCSFS 

OraignMaarsc 


A  S.  L, 


cinatiotH  i-S-L  Hi  jCTt 


LAMBDA  W»«lingdi  i 


OZOf.’F 


Total  amount  X  or  atmospheric  ozone  so  on  at  STP 


Sky  intensity  HOJi^JO  front  the  whole  sky  on  a  horizon  ts  surface 


Direct  solar  intensity  SD  .h_X.ZI 


Vertical  component  SnlXJh  XJZ)  of  direct  solar  intenshv 


Global  intensity  G(X.h„X.Z)  =  H  *  S 

v>  tl 


The  intensity  is  expressed  in  Wcm  =  nm*  < .  The  approximations  appl.ed  for  the  computation  of  the  cata  in 
this  table  are  discussed  in  sections  1.1.1,  1.1.2,  and  1.2.  1.72 -7  stands  for  1.72  10  *. 


<•>«*(•«/  !.»«•*»  Mii'ii  «>«K«a  iiUtMt  iitU'H  Mit*n  iiiii'ii  mh>u  ti iu*it 


t'iiUtf  iUiii 


*•*»«•«*  i.ui-ar  i.»u-wb  j.nc-ib  j. tiiftCHb  iiiriM*  i»m**i 


ibc-ul  Ulte-QI  tilOOU  litU'M  bittC'lt  liKHH 


SOLAR  ALTITUDE  •  5  OE&REES  OZONE*  .320  CM 


OOO  OOO  OOO  OoO  oo  ^  ooo 


nvio  WHO  MMO  OHO  WHO  viv»o 


OOO  OOO  O O O  BOO  o c 


yoo  ooo  ooo  ooo  ooo 


l/l  to  l)  to  VI O  V»V0O  WHO 


30 


m  o* 

III 

UWtf 

rlhO 

« 


I  •  I 

kfWkJ 
N*.  • 


ooo 

•  •  f 


UWM 
■r  *w 
-r  #  <o 


nn« 
ooo 
t  •  I 


KM* 
•  NN 

40  IAN 


“ oS 

K55  •«<> 


tniAm  »«« 

0  4*0  OaO 

II*  *  I  I 

uuu  uwu 

NK  A 
»<J*N  HM# 


uuu 

«^«n- 

>0  017' 


00*4 
•  •  • 
OOO 


NKO 


UUU 
J  ^  N 
in  mo 

ooo 


IAC'.# 

I  I  I 

uuu 


uuu 

ooo 

NNO 


??? 

aaa 


•  *i 

wwu 

ooo 


I  (  ■ 

uuw 

OW«4 


WWU 

OMJf 

OOO 


•  •  • 

UUU 

oo*-* 


UUU 

^•«o 

ooo 


■  •  • 
uww 

OM7 

r»ow. 


I  I  I 

uuu 

MOO 


I  I  I 
UUU 
NOO> 


uuu 

nON 

ONK 


WWW 

ONO 

C>MM 


uuu 

ooo 

•#•  U«# 


uuu 

ONO 

4300 


.OIA 
OOO 

III 

uuu 

0>«40 

k  #•  o'  -4 


OOO 
I  I  t 

uuu 

H<0  4> 

ooo 

ia  -r  N. 


UitfU 
.#  N  -  -4 

‘NO*. 


uuil 

“ON 

*3N 

ON  J 


UUU 

NO# 
*3  0  0 

#-»o 


llUbl 

o#« 
#o>  J 
«  •  • 
ON# 


IA  A  N 

Of»» 


uuu 
nn  .# 
013  o 


uuu 
O'  O'  »A 

##  o 


uww 
NN  U 
4«« 

4?  .*40 

■AOO 

ooo 

III 

uuu 

•4*4  3> 

OON 

J  #  O 

vmaia 

ooo 

III 

uuu 

40  40  O 

NN  # 


UUU 

rtHO> 

.#  jr  <n 

NNO 


UUU 

NNO 

OOO 

OON 


UUU 
NNO> 
.#  ■*  <0 


UUU 
NS.  # 

ooo 


uuu 

OOO 

•o*oo 


uuu 

NN-* 
O'  O*  H 

tf>  IA« 


lA  IA  IA 
ooo 
III 
UUU 


UUU 
««K 
*or»4A 
OO  M 


UUU 
O'  ON 
ouirt 


U  Uu 
O' 0*4* 
NMT 


UUU 

nn  rt 
•  MO 

WOO 


uuu 

MOO* 

Oos 


UUU 

non 

<on<ii 


uuu 

NOO 

JMftM 


UUU 
OOO 
OO  3- 


■ii  uu 
NNO 

#  -3  « 


OO  J 
OOi 


uu  U 

OON 

nos 


ooo 
I  t  I 

uuu 


O  N  N 
•  •  » 
>4«4N 


UUU 

•OON 

NOO 


UUU 
O'  O'  01 
OO  J 


UUU 

#  #o 

OlON 


uuu 

NNO 
M«<7>  - 


•JW  W 

«3  «  *> 

+  •*  * 


MO>4  *4  »4  .4 


UUU 
N4N 
O  O  *4 


U  4lU 
o4»r 
N  OW 


UUU 

OOM 


•JU  W 
*  #T 
0)0  0 


O  O  O' 


u  U  u 
o  n  •* 
NN  *4 


uuu 

ONO 
•4  0  0 


uuu 

HNO 


UUU 

•4  «3  0* 
NUN 
•  •  • 
NO  -4 


UUU 
HNN 
O'  -4  o 


uuu 

ONO 
NN  -4 


UUU 
o  ry  n 
a»  0»N 
#ON 


ONH 

NNO 


UUU 
-4  4A  O' 
•4  00 


uuu 

N.  O'  *4 

OOO 


uuu 

IA  O'  »4 

so  *  n 


uuu 

•4  0  0 

OMO 


UUU 
•  NO* 
J(7"4 


UUU 

HOH 

OMN 


UU  U 
oao 
OH  O 


UUU 
ON# 
0  0>M 


OOO 
*  I  I 
UUU 
NOO 

ooo 

o#o 


•  OH  *4  *• 


UUU 
N  IA  IA 
WNO 


O'  N  -4 

.»  -T  yO 


UUU 

a  o  u 

O'  40  N 


UUU 

ooift 

•4WN 


UUU 
N  *«40 

one 


uuu 

HOO 

NrfO 


UUU 
Ooo 
NN  n 


uuu 

.O  40  N 
N  N  N 


UUU 

NNN 


UUU 

NNN 

M  *•»  a 

HHN 


UUU 

IA  IA  n 

1*1  «  0- 


uuu 

N  N  O' 
*  u 


UUU 
N  N 
-T  ■»  O' 
•O  *>  O' 


C»Oo 

■*  ■*  o 


uuu 

MUO* 
«  *0  |A 


uuu 
ooo 
O'  0*  *4 


uuu 

O  O  H 

ooo 


uuu 

NNN 

IA  IA  O 


UUU 
n  o  in 
IA  IAN 


uuu 

•4  *4  vO 
*>  %D  43 

tArf)N 


UUU 
40  *o  <o 
OMO 


uuu 

««H 

40  n  n 

a*  o'  *4 


uuu 

IA  lA  N 
O'  O'  40 


UUU 

OOM 

IAUIO 


UUU 
o  3V\ 
ooo 


uuu 

40  «  « 

O'  O’  <0 


■O  .0  #> 
oao 

•  1 ,1 
uuu 


uuu 

on# 

OOO 


uuu 

*  -IN 
40  UN 


UWU 

OOlA 

HH* 


I  I  I 
UUU 
4»  o  jr 
•OOO' 


uuu 

NNO1 


UUU 
">  WIA 
NN  ■* 


1  •-  -  i 
!  • 

i 

i  • 

■" 


< 


32 


It 

I- 


5  5 


•  •  I 
d 

IP  — 


•  •  • 
•juy 
»»>•« 


>«N 


ooo 

til 


H*1rf  —4  <0  v 


<A«o  nJw 


««pm 
•«/  •* 


•  *  •  its  i« 

UUU  Id  Id  id  UU 

*>*n«  »*f»  •*■ 

P«N  #0 

•  •  •  •  •  •  •  I 

HI 

PaPlA  47  J 

090  O -  - 

I  •  •  I 

UUU  U 


uuu 

►.o* 


tf  OO 
o  o  • 
•  II 


■  SI 
MhlU 
•  O* 


M«N  »1P» 


UUU 


UUU 

•019 

r>4»d 


o  O  o 
III 
uuu 

l”7  CM  9 
0***  d 
r»  ’O 


uuu 

WHO 


Id  UU 
O  O  CM 
OXH 


•*l  d  d 
u»y> 
a«o 


uuu 

p-  jf  d 


uuu 

U«o 

O  O  K> 


0  47  0 
o«-»  O 


UUU 

xue 

h1« 


'4  11  id 
47  -4  O 
d  cmo 


uuu 
u>  -« «o 
«\<M« 


■-  c*o 

UlftH 


UUU 

«<ox 

•*0*0 


O  45  47 
o  o  o 
III 


•  •■ 

UUU 


AUA 

Ooo 

III 

UUU 


UUU 

unn 

O  If  If 


O'O'H 
9  **  o 
nnx 


UUU 
CP  ^ 


*  I  I 
UUU 
PNN 
N«S> 


flPsO 
ooo 
III 
u  U  >ti 
u  o  n 
ooo 

U\M 


d’d  d 
B>X.» 

K  «H 
•  *  » 
d  *«  -4 


•  H0 
-4*0  0 

OOP- 
o  o  o 
I  I  I 
UUU 
4KN 
p.  O'  d 


OOO 


uuu 

-4  If  d 
0-1  f* 


ooo 
I  I  I 

uuu 

O  «d 

O  o  -* 

cm  <P  cm 


io"  S’ 

OffU* 


uuu 

U)N« 

OOO 


ooo 
I  I  I 
uwu 
P  X  fl 

d  o»  o 

U|") 


■*  •*  0*  *4  0  0 


o  o*« 

AKV 
iu  «  d 


uuu 

(ANN 

f«  d  o 


uuu 

KOV 

r»  ►»  *< 


pcp  o» 
ooo 
I  I  I 
UUU 
BUM 

d  UN 

eui> 


ooo 
I  I  I 
uuu 

MUM 

M>  W  <V 

<f  H(ft 


uuu 

utr>N 
c  P  P 


1  *  l 

uuu 

47  * PM 
P»  47  P> 


uuu 
o  n  <m 


■  •  • 
uuu 

NMB 


OOO 

■  ir 

UUU 


■  I  • 

Sid  Id 

o  t» 
nxn 


iAun 
ooo 
•  it 


4PIA 
ooo 
l  i  l 


Id  Id  Id 

MUD 

«D  O’  d 


Id  Id  Id 
B«N 

N0M 

N  If 


U*)H 

nux 


»  *  • 
Id  Id  Id 
«  OUl 


Id  Id  Id 
nr)N 
IABO 


<0  4)  If 
OOO 
III 


-«  (TBM 


d  -did 
M  t>  * 
IAMO 


KINO 
OIS*  d 


III 
Id  Id  Id 
•MO  d 


■  ■  ■ 
UUU 
Or*  O 


Nd? 

i*»d 


UJ  Id  Id 

o  o  rj 


«M  «M  O  **  fM  r> 


III 

uuu 

0  9-* 
do  O 


??? 

HUM 

5»3r 

ooo 


OdSO 
ooo 
•  •  « 
uuu 

K  K  « 

d«« 
■  NX 

ooo 

ooo 

III 


Id  Id  Id 
0  9  9 
JB-O 


no  9 
•  •  • 
•'ll-  *• 


HdB 

d  <M  « 


UU  -d 
4J  9  47 
OOO 


Id  Id  Id 

*-  do 

d  d  "> 

r  •  • 

•«<pfj 


uuu 

O  «Md> 

S-IO 


Id  Id  Id 
CM  9  CM 
CNd 


UUU 
dN« 
0  947 


Id  Id  Id 
0»  0*0 
CP  CM  47 


•CBN 
0*  O  -I 


Id  Id  Id 
«  0*P» 
>0  47  9 


r)0»0 

IP  AM 


Id  Mild 

r»  47  r. 
if  if  /» 


Id  Id  UJ 
0470 
CP  O  CM 


Id  Id  id 
9-4  1/S 
M«W 


SA  I/S  d 

o  hws 

O  CM  O 


Mild  Ml 
d  O  O 

IA  O  «0 


UJ  Sd  Id  ulu 


d\  CP  P* 
•  •  • 
d  CM  9 


o  o  o 
I  I  I 
Id  Id  Id 
OOO 
*4  d  K 


Id  Id  Id 

p.  0*  if 

9  US  O 


Id  UJ  Id 
HNO 
OOP- 


Id  bJ  Id 

r»  -a  o 

HBH 


Id  Id  Id 
OOO 
0*  M  If! 


Id  Id  Id 
If  O'  US 
N0H 


Id  Id  Id 
NMO 
CM  O  9 

4>  d  N- 


Id  Id  Id 
<P  O  9 
•M  47  -4 


Id  UJ  Id 
•MOO 
If  O  CM 


Ul  UJ  Id  UU  Id 

CP  if  -4  MUM 

K  47  O  Od  -4 

O  If  O  MU  *4 


'***«*m*k\ 


I.ttc-M  *,«*(•«•  1iHC*»k  liltl'H  lilH’li  liltl'lk  iitUMl  l>UI>M  tilHMt 


o 


6i»i>  iisu-iv  »im*H  i,mi 


sou*  AifituQt  •  <»a  ounce*  otowti  •*»«%  cm 


6**t  c 


40 


I 

TabfeB.  Influence  or  an  asumed  percentage  reduction  of  atmospheric  ozone  on  the  intensity  of  different 

components  or  uhxsriofe?  rafaiw  asefeSl  fetitutfes  and  safer  altitudes 

Dasgi^ons: 

V/L  WsrefengthXinfi 

LA  Northern  Latitude  G 

SA  Safer  altitude 

I  intensity  of  the  different  components  of  ultraviolet  radiation  (Won-2  run-1  J  for 

the  annual  mean  amount  of  atmospheric  ozone  for  the  latitudes  considered 

Q  Factor  1(R)/I{0)  by  which  the  intensity  of  the  different  components  is  reduced  by  an 

assumed  percentage  reduction  R  of  the  annual  mean  amount  of  ozone 

H  Sky  intensity  from  the  whole  sky  on  a  horizontal  surface 

S  Direct  solar  intensity 

j  SN  Vertical  component  of  solar  intensity 


i 


Global  intensity 
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1.08 

3.256-05 

1.C6 

1*256-05 

1.1* 

1.63E-05 

l.Ot 

e.lbt-Oo 

1.09 

0.926-06 

l.Ot 

5.256-06 

1.69 

5. 736-06 

1.05 

1.776-65 

1.13 

2. 01C-65 

1.02 

2.29E-C5 

1.05 

2.tl£-C5 

1.01 

2.126-05 

1.02 

2.176-05 

J.OL 

1.866-05 

1.02 

1.686-CG 

1.02 

t. 136-05 

l.Ot 

t. 296-15 

1.03 

2.196-05 

1.07 

2.3t6-65 

1.01 

2.081-05 

1.03 

2.15C-05 

1.01 

1.806-05 

1*03 

1.6b£- 05 

1.03 

3.99C-05 

1.05 

A. 206-05 

l.Ot 

1.516-05 

1.10 

1. 666-05 

1.02 

1.206-65 

1.05 

1.266-05 

1.02 

7./0C-6O 

1.05 

8.976-06 

1.03 

2.266-05 

1.08 

2.t7E-05 

1.00 

2.276-05 

1.01 

2.296-05 

1.00 

2.58C-05 

1.01 

2.60E-05 

1.00 

2.23E-06 

1.01 

2.25E-05 

1.00 

t. 506-06 

1.01 

t.55C-05 

l.Ol 

2.256-05 

1.01 

2. 286-05 

1.00 

2.666-05 

1.01 

2.596-05 

l.UO 

2.226-05 

1*01 

2.266-05 

1.00 

b»b7£-C5 

1.01 

b.526-05 

1.01 

1.636-05 

1.02 

1.366-05 

1.01 

1.566-05 

1.02 

1.56E-C5 

1.01 

1.006-05 

1.02 

1. 026-65 

1.01 

2. 836-05 

1.0? 

2.686-05 

Table  C.  Variation  of  the  different  components  of  natural  ultraviolet  radiation  in  dependence  on  Northern 
Latitude 

Designations: 

WL  Wavelength  X  in  n 

LAT  Northern  Latitude  0 

H  Sky  intensity  from  the  whole  sky  on  a  horizontai  surface 

S  Direct  solar  intensity 

SN  Vertical  component  of  direct  solar  intensity 

G  Global  intensity 

MEAN  Mean  of  the  values  of  intensity  obtained  for  the  different  seasons 

The  values  of  intensityfWcm-2  nm‘ 1 )  have  baen  computed  for  the  average  total  amount  of  atmospheric  ozon 
for  the  different  seasons  and  around  the  latitude  circles  considered.  These  results  relate  to  cloudless  sky. 
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Figs,  la  -b.  Relative  variation  H"(Z,h0,A,X)  of  ultraviolet  sky  intensity  in  dependence  on  elevation  Z 
for  selected  wavelengths  and  solar  altitudes  hQ.  Amount  of  ozone  X  =  0.341  cm.  Theo¬ 
retical  results  interpolated  from  Dave  and  Furukawa  (14).  The  dotted  lino  indicates  the 
elevation  Z  =  1.59  km  of  Davos,  Switzerland. 
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Relative  variation  H"(Z,h0,X,X)  of  ultraviolet  sky  intensity  in  dependence  on  olovotlon  Z 
for  selected  wavelengths  and  solar  altitudes  bQ.  Amount  of  ozone  X  a  0.341  cm.  Theo¬ 
retical  results  interpolated  from  Dave  and  Furukawa  (14).  The  dotted  lino  Indlcotos  tho 
elevation  Z  =  1.59  km  of  Davos,  Switzerland. 


Ultraviolet  global  spectra  G(X,X,h0,Z)  for  different  solar  altitudes  hQ  and  amounts  X 
of  atmospheric  ozone.  Elevation  Z  =  0,  no  clouds,  ground  not  covered  with  snow. 


Fig.  5  Dependence  of  ultraviolet  global  intensity  on  e 
wavelengths  and  selected  solar  altitudes  hQ.  Oz< 
Ground  not  covered  with  snow. 
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Fig.  6.  Spectral  distribution  of  ultraviolet  solar  intensity  for  the  annual  mean 
amount  of  atmospheric  ozone  at  different  latitudes  and  for  an  assu¬ 
med  50%  decrease  of  the  annual  mean  ozone  amount. 


